A new method for the enumeration of lymphoid cells with specific surface-receptors for antigen is described, based on the use of j8-D-galactosidase (EC 3.2.1.23), either directly as an antigen or as a conjugated antigen. Binding of 6-D-galactosidase is revealed by its activity in releasing riboflavin from a synthetic substrate, riboflavin-j%-D-galactopyranoside. The riboflavin, inactive as a vitamin in the galactosidic form, becomes active when released by the enzyme, and can be detected by bioassay. Hence, lymphoid cells with receptors for ft-Dgalactosidase on their surface can be detected after they have been exposed to the enzyme, washed, and then plated in agar containing riboflavin-fl-D-galactopyranoside, streptomycin, riboflavin-deficient medium, and a streptomycinresistant strain of Streptococcus faecalis that requires riboflavin. Release of riboflavin is signalled by the growth of characteristic bacterial colonies over the cell that bound fl-D-galactosidase. The development of hemolytic plaque techniques for the enumeration of single antibody-forming cells (1, 2) has been very useful for investigation of the basic cellular aspects of immunology. Likewise, a simple assay for enumerating cells containing specific receptors for a given antigen could be valuable now when the mechanism of antigen recognition remains a most pressing and elusive problem (3). Current techniques for detecting antigen binding, such as radioautography (4, 5), rosette formation (6), and A-H assay (an acronym for antigen binding to cells determined by enzymic hydrolysis of a fluorogenic substrate) (7) are too cumbersome for routine quantitative screening of large populations of cells.
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A new method capable of measuring the number of antigenbinding cells present in relatively large and heterogeneous cell populations is described here. Like the A-H assay, it uses the #-D-galactosidase (EC 3.2.1.23) of Escherichia coli as the antigen; however, the assay can be modified to use other antigens including haptens. Cells with bound enzyme are detected on agar plates containing both a suspension of Streptococcus faecalis (ATCC no. 10100, resistant to streptomycin), which requires riboflavin for growth, and riboflavin-(3-D-galactopyranoside, a substrate of #-D-galactosidase that cannot be used by the bacterium as a substitute for riboflavin. The underlying principle in the method is the cleavage of the riboflavin-#-D-galactopyranoside to galactose and riboflavin in the vicinity of a cell with bound #-D-galactosidase. The ing microscope (X16). We found that a black background combined with top-illumination gave the best conditions for visualizing the colonies. Sometimes bacteria were stained by flooding the plates with 0.01% crystal violet in 2% acetic acid for about 5 min and excess stain was then washed away with 2% acetic acid. The increase in contrast with staining would be useful for photographic records.
RESULTS
A representative bacterial colony, as seen through a dissecting microscope (X25), is shown in Fig. 1 . It is formed by a cluster of microcolonies resembling a galaxy of stars. It should be noted that there are relatively large microcolonies in the center of the cluster and proportionally smaller ones towards the periphery. This trait is characteristic regardless of colony size and indicates the presence of a concentration gradient of an essential nutrient around the center of the cluster. This supports the idea that free riboflavin is generated in a discrete area near the middle of the bacterial growth. Furthermore, the number of the galaxy-like colonies is proportional to the number of lymphoid cells plated (Fig. 2) . More reasons for considering that these colonies serve to enumerate antigenbinding cells are given below. Other types of bacterial growth looking like single colonies or clusters of a few microcolonies were also observed in some plates, but were not included in the data shown here. These colonies did not interfere with the assay because they were easily distinguished from "galaxy" colonies. Their presence could be attributed to nonspecific causes, such as bacterial contaminants, leakage of riboflavin from some of the splenic cells, cells binding limiting amounts of P-D-galactosidase, and cells with higher concentrations of intrinsic mammalian P-D-galactosidase. The results of experiments designed to test the specificity of the method with regard to the antigen are given in Table 1 . The role of each of the main components of the assay and their relationship to the cell-bound ,-D-galactosidase is shown by the following findings: (a) no colonies were present on the plates when the riboflavin-ft-D-galactoside was omitted from the agar; (b) the addition of other sugars to the assay caused inhibition of colony formation correlated to the known specificity of the bacterial p-n-galactosidase for the sugars used; (c) when proteins other than normal p-D-galactosidase (including fetal-calf serum) were used, no colonies were observed; (d) in the absence of indicator bacteria, no colonies were formed.
The binding reaction between lymphoid cells and enzyme was conducted at 00C for 30 min and was terminated by centrifuging the cells and washing them six times with phosphate-buffered saline containing 20 Mug/ml of streptomycin. In some experiments, 10-2 M sodium aside was added to the reaction in order to prevent phagocytosis by macrophages (4, 11) . No differences were observed between experiments with and without azide, which indicates that phagocytosis did not play a significant role in the assay.
We also tested the possibility that cytophilic antibodies were involved in the antigen-binding reaction. For this, normal spleen cells were exposed to the first supernatant obtained after the spleens of immunized mice were teased. The cells were in contact with the supernatant for 30 min at 00C, washed, and assayed for antigen binding by the routine procedure. The results indicated that cytophilic antibodies do not affect the assay, since no significant increase in the frequency of antigenbinding cells was found after exposure to circulating antibodies. In addition, we observed that the frequency of antigenbinding cells in spleens of immunized animals was the same regardless of the number of washing cycles given to the cells (above the two routine washings) before exposure to the antigen.
The immunological specificity of the test is shown by the fact that a greater frequency (up to 200 times) of antigenbinding cells was found among cells from mice immunized with p-D-galactosidase than among those from either mice immunized with bovine-serum albumin or normal animals ( Spleen cells from normal mice and from mice immunized with i3->-galactosidase were assayed as outlined in the text, except that the indicated concentrations of crossreacting proteins were present during the antigen-binding reaction. The symbol n.t. stands for "not tested".
Detection of Antigen-Binding Cells 2). Moroever, the binding of enzyme by normal cells seems to involve a receptor different from that of "immune" cells, since no significant antigenic competition could be demonstrated (Table 2) . In these experiments, a genetically defective ,3-Dgalactosidase (AMEF) was used as the competing antigen. This enzyme crossreacts completely with the normal ,3-Dgalactosidase (12), a result consistent with the genetic evidence that the latter differs from AMEF by only one amino acid (13) . In our assay, it was possible to use the defective enzyme for competition studies since no colonies were produced when the defective enzyme was substituted for the active o-D-galactosidase. With cells from immunized mice, the presence of the defective enzyme competitively inhibited the binding of the active f-D-galactosidase to the cell-receptors ( Table 2 ). As a control experiment, we used a preparation made from a mutant of E. coli (W4980) that does not produce either enzyme or crossreacting material, due to an extensive deletion of the z gene (14) . No competition was observed between this preparation and the active enzyme.
When spleen cells from immune mice were exposed before the antigen-binding reaction to an antiserum directed against mouse gammaglobulins, the frequency of colonies was drastically reduced (Table 3) . Neither normal rabbit serum nor antisera against unrelated antigens produced this effect. In contrast, antigen-binding cells from normal mice were not significantly affected by treatment with the antiserum to gammaglobulin. DISCUSSION An important desideratum in any method for studying cell receptors is to avoid the danger of nonspecific binding. A frequency of antigen-binding cells far above that expected from both theoretical and pragmatic considerations should be looked at with reservations. In this regard, the assay presented here yields values that fall in the "accepted" range (3, 18) . By plating erythrocytes linked covalently to p-nDgalactosidase (17), we estimated that the sensitivity of the method is about 50,000 molecules of enzyme per cell.
The results indicate that the /3-D-galactosidase receptors on the surface of normal cells detected by our methods differ from The assay described above can be easily adapted for the enumeration of antigen-binding cells specific for molecules other than f3-D-galactosidase, which could include haptens, polysaccharides, proteins, and others. For this, one would simply couple f-D-galactosidase to the desired antigen through a covalent linkage. In our laboratory, bis-diazo-benzidine was found to be a satisfactory coupling reagent (17) because it did not cause significant loss of P3-D-galactosidase activity. Conjugation of the enzyme to azobenzene-arsonate has been reported (16) . The binding assay of the antigen-enzyme complex would be done in the presence of an excess of AMEF in order to inhibit any binding through the P-D-galactosidase moiety. An advantage of this procedure would be that no separation of the antigen-enzyme complex from the free enzyme is required.
